
Calibrate a GC

Advises and good pratices

Chromatotec®



Why the calibration is required ?
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• Be sure of the identification of the molecules

• Know the relation between “Peak area” and “Concentration”

• Follow the sensitivity of an instrument over a period of time

• Be sure the quantification will be good in the next sample
cycles



Calibration gas to be used
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Different span gas can be used :

• Molecules coming from permeation tubes, flushed with
neutral gas (N2 or Zero air)

• Calibration gas contained in a calibration cylinder



Calibration : good habits
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• Calibration gas at ambient pressure for most applications

• Purge your cylinder, pressure regulator and tubes 3 times before
connecting the GC

• Try to use always the sample pressure regulator and tube, connected to
one calibration cylinder

• Take your time to have stable calibration results :
– Check that the integration of the peaks is good
– Check the stability of peaks areas on several cycles

• The calibration cylinder has to be located :
– In the same room
– At the same temperature
– No “cold point” on the tubes!
– Cylinder located as close as possible to the GC



Calibrate with a cylinder
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How to connect the external calibration cylinder?
• To obtain good results

• To protect your instrument and not create damages

• Calibration gas concentration written on the cylinder certificate

5

Atmospheric 

Pressure!



If you intend to dilute your calibration cylinder : 

6

AirToxic

COV
100 
ppb

N2 
6.0

MFC n°1, 

range 0-10ml/min

MFC n°2, 

range 0-1000ml/min

Dilution chamber

Vent (tube ¼’, L= 2 m) 

(at Ambient pressure)

Small « leak » 

flow (20ml/min)

Calibrate with a cylinder



Calibrate with permeation tubes

Internal permeation oven : 
Nothing to do, just select the 
« calibration » method from
Vistachrom
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How to connect a permeation oven containing permeation tubes
• Permeation oven flushed with neutral gas : N2 or « zero air »

External permeation oven :  
Connect the oven « outlet mixture » 
to the GC « sample inlet »

• The calibration gas ALWAYS has to be at ambient pressure

• Required : check the flow crossing the oven with a good precision



Calibrate with permeation tubes

Using a permeation tube : 

• Permeation rate written on the tube certificate (ng/min at …°C)

• Permeation oven gas flows measured (mL/min)

• To know the concentration of your calibration gas at the oven outlet : 
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Base Sensitivity definition
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“BS” is a Chromatotec parameter :
• To know how sensitive an instrument is

• Follow the sensitivity of one instrument over time

• Required only one molecule to be update during a calibration process

• BS is updated or checked during a calibration process, focusing on a “reference
compound” : Benzene or DMS.

• In “routine mode”, BS is used by the software to calculate the concentrations of
all the molecules.



Base Sensitivity definition
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Base Sensitivity definition
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For a GC having a sampling loop :
Models : TRS Medor, EnergyMedor, ChromaFID, ChromaPID, ChromaTCD…

Once the BS is calculated, the same formula can be used to calculate the concentrations of 
the other compounds: 



Base Sensitivity definition
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Response Factors (RF) are listed in the “substance tables” :

• RF are optimized by Chromatotec

• RF are verified using calibration mixtures

No need to adjust them frequently for instruments having a
“stable detector” : FID, PID, …



Base Sensitivity definition
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For a GC having a sampling trap :
Models : AirmoVOC, AirmoBTEX, AirToxic, Airmozone, AirmoS…

Once the BS is calculated, the same formula can be used to calculate the concentrations of 
the other compounds: 



Example of BS calculation : airmoBTEX
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Example of BS calculation : airmoBTEX

Benzene peak area = 101 504 au

V = 411 mL 

[Benzene expected at the oven outlet] = 46 µg/m3

RF Benzene = 1 : « ref compound »
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Example of BS calculation : airmoBTEX

BS = 
1 × 101 504

0,046 ×411
 = 5 368
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Example of BS calculation : airmoBTEX

• To calculate the BS automatically:

17



« Auto-Cal » Function

How to use the « Auto-Cal » option?
• Write the expected calibration gas concentration in the calib substance table :

• The « Auto-Cal » option must be ON:

Concentration of the standard in mg/m3

(0.12 mg/m3)
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Let’s practice!
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For advanced users



For « non-lineare » instruments / AutoCal

Auto-Cal option on AirToxic
• As the Benzene response formula is not linear : 

• An Excel files helps for the calculations of the « target C »:
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For « non-lineare » instruments / AutoCal

Auto-Cal option on AirToxic
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Calculate the corrected concentration (C1,cor) of your standard (in mg/m3)
and enter the new value into the calibration substance table.

𝐶1,𝑐𝑜𝑟 : corrected concentration in mg/m3
𝐶1,𝑟𝑒𝑎𝑙: real concentration in mg/m3 ; [Permeation rate (ng/min) / Dilution Flow (mL/min)]

𝑉: Sampled volume 
𝑏 = 0.9 
𝑎 = 1.1 

Check EASY CALIB airTOXIC Calib A73022 & A76022-UK 102020.pdf to
replace the corrected concentration in the substance table.



Diluting system to be used for this test

23

Description of the diluted system required to start the linearity test (cf norm):

“For applied concentrations, the relative uncertainty from a dilution ratio to another must be
less than 1.5%.”

Important remarks:

It is very difficult to be sure the dilutor used fulfills this requirement :

• How to verify the uncertainty is less than 1,5%?

• What kind of tests allows us to quantify this uncertainty?

• What kind of instrument using to quantify this uncertainty?

• Do not confuse the uncertainty of the flow fixed by one MFC and the uncertainty of the
whole dilution system (2 MFCs, homogeneous mixture, adsorption of the compounds on
the tubes…)



Tools used by Chromatotec for the test
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• Dilution system with:
✓ Cylinder containing BTEX (100ppb), N2 matrix
✓ Two Mass Flow Controllers
✓ MFC n°1 : Bronkhorst range 0-10mL/min
✓ MFC n°2 : Bronkhorst range 0-1000mL/min
✓ Carrier gas of GC : N2 6.0
✓ Gas used for the dilution : N2 6.0
✓ All the flows are verified using BIOS flowmeters (precision : 1% read value): two

flowmeters are used : range 5-500mL/min and 50-5000mL/min.

✓ The vent tube is always at ambient pressure

• Dilution chamber:
✓ PTFE Tube ¼’
✓ Stainless steel fittings
✓ Length = 20cm
✓ “special mixing “Te” connector:



Tools used by Chromatotec for the test
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AirToxic

COV
100 
ppb

N2 
6.0

MFC n°1, 

range 0-10ml/min

MFC n°2, 

range 0-1000ml/min

Dilution chamber

Vent (tube ¼’, L= 2 m) 

(at Ambient pressure)

Small « leak » 

flow (20ml/min)



Precautions to take before starting the test
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Concerning the dilution system:

1. Flows have to be in the range of each MFC : 10% < flow < 90% to have a good regulation.

2. The gas pressure feeding each MFC has to be perfectly stable, to have a stable flow at the
MFC outlet.

3. Purge the VOC cylinder 3 times before connecting it to the MFC

4. If you use gas generator for the dilution, add a pressure regulator before the MFC to
optimize the flow stability on the MFC

5. Use a “leak” flow of pure VOC gas (around 20mL/min), just before the MFC n°1 to reach a
stable mixture quickly

6. Do not use flows bigger than 1.5L/min at the dilutor outlet to ensure a perfect mixture

7. Check carefully the pressure at the sampling point is always at ambient pressure (check
Ambient pressure displayed on Vistachrom), even for the strongest dilutions applied (with the
highest flows).

8. During this test, be aware of the unit used :

Flows always displayed in the same unit on your flowmeter (mL/min standard conditions,…)

Conversion mg/m3 into ppb(v) always done with the same molar volume (at 20°C, 1013hPa)

9. During your dilution, check that for one dilution point, the concentrations used are stable
(more explanations on the next slide)



Precautions to take before starting the test
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• Number of repetitions for each dilution point:

All the diluting system needs time to reach a stable state : homogeneous mixture,
passivation of the tubes… This time (only caused by the diluting system) must not
impact negatively the tests relative to the GC linearity.

• A classic result
often obtained:

Phenomenon mainly 
created by the dilutor, 
not the GC!

Concentration of Benzene and o-xylene

Time



Precautions to take before starting the test
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• Calibration mixture not stable :

Time



Precautions to take before starting the test
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• Number of repetitions for each dilution point:

Description of the test, written in the Norm :
“For each concentration (including zero), at least four individual measurements have to be
done. The first measurement of each series must be excluded from the calculation of the
regression function.”

• Do more cycles for each concentration. 
• Do not consider the first chromatograms 

obtained. Consider only the last 
chromatograms

• Example : in the Mcerts test, 6 cycles 
(30min for one cycle) were started, only 
the last 4 cycles were considered 

Advises :
Used for the linearity

NOT Used for the linearity

Benzene Conc. (ppb)

• TimeTime
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